The essential oils from fresh and dried rhizomes of galanga (Alpinia officinarum Hance) were obtained by hydrodistillation, and fractionated to the hydrocarbon and oxygenated compound fractions by silica gel column chromatography. Twenty-eight hydrocarbons and 29 oxygenated compounds were identified by gas chromatographic (Kovat's index) and mass spectrometric data. In the fresh rhizome, the main components (over 1.0% in content) were 1,8-cineole (50.0%), exo-2-hydroxy-1,8-cineole acetate (11.2%), ␤-caryophyllene (6.4%), ␣-and ␤-pinenes (1.7 and 2.6 %), ␤-bisabolene (2.6%), chavicol (2.0%), limonene (2.0%), 4-terpineol (1.6%), chavicol acetate (1.2%), and methyl eugenol (1.0%). On drying the rhizome, the monoterpene fraction (including hydrocarbon and oxygenated compounds) decreased in content, and the sesquiterpene and aromatic compound fractions increased. Major components of the oil from dried rhizome (over 2.0% in content) were ␤-bisabolene (9.6%), 1,8-cineole (8.2%), chavicol acetate (5.9%), chavicol (5.3%), eugenyl acetate (3.7%), ␣-farnesene (3.3%), methyl eugenol (3.3%), ␤-caryophyllene (2.9%), ␣-bisabolol (2.6%), spathulenol (2.5%), farnesyl acetate (2.4%), 4-hydroxycinnamyl acetate (2.3%).
Galanga (also called galangal, galingale or galangale) is a pungent and aromatic rhizome, which is used as a flavoring agent as well as a traditional medicine in southeastern Asia. It is said that two different species of galanga are present: one is the so-called smaller (or lesser) galanga (Alpinia officinarum Hance), a perenial herb native to China; the other is the so-called greater galanga (Alpinia galanga or Languas galanga), a stemless perennial herb of southeastern Asia (Yang & Eilerman, 1999) . Both plants are members of the ginger family (Zingiberaceae) and their rhizomes resemble ginger in shape. Greater galanga is used in the preparation of meat dishes and curries in its natural form or for flavoring foods as dried powder, whereas smaller galanga is used mainly as a drug (Burkill, 1966; Do, 1995) . In recent years, many biological activities of galanga have been reported: antitumor (Itokawa et al., 1987; Kondo et al., 1993) , antiulcer (Mitsui et al., 1976) , antibacterial and antifungal (Janssen & Scheffer, 1985; Ray & Majumdar, 1975 properties. The essential oil in the rhizome of A. galanga (greater galanga) has been reported by many researchers (Scheffer et al., 1981; De Pooter et al., 1985; Charles et al., 1992; Mori et al., 1995) , while the oil in the rhizome of A. officinarum (smaller galanga) has been studied only by Lawrence et al. (1969) . Since they could not effect component separation, constituents were analysed as a mixture; we therefore attempted to identify individual constituents. Since both the fresh and the sliced and dried rhizomes are used in Vietnam, we also compared the oil from the fresh rhizome with that from the dried rhizome.
Materials and methods
Materials Fresh rhizome of galanga (Alpinia officinarum Hance) was purchased at a local market in Hanoi, Vietnam and botanically authenticated at the National Center for Scientific Research Technology, then refrigerated until analysis. The rhizome (moisture ca. 70%) was also sliced, dried at 45ºC, ground to a powder and used as a dried rhizome (moisture ca. 10%).
Reagents Authentic eugenol, ␤-pinene, linalool, and ␤-farnesene were obtained from Wako Pure Chemicals (Osaka). ␤-Caryophyllene and 1,8-cineole were obtained from Tokyo Chemical Industries (Tokyo). Authentic n-paraffins with the number of carbon atom from 9 to 20 were purchased from Sigma (St. Louis, MO), and were used as standard compounds for calculation of Kovat's index.
Preparation of the volatile oil One kilogram of the fresh rhizome which corresponds to 400 g of the dried rhizome was pulverized with distilled water and submitted to hydro-distillation in a modified Clevenger apparatus for 8 h. The dried rhizome was treated in the same way. The oil layer obtained was separated and dried over anhydrous sodium sulfate. Fresh and dried oil yields, on a dry weight basis, were 4 mg/1000 mg and 2.7 mg/1000 mg, respectively.
Separation of hydrocarbon and oxygenated hydrocarbon fractions in the oil The essential oil (100 l) thus obtained was dissolved in a small amount of pentane and submitted to a silica gel 60 micro column (40-60 m) to separate the hydrocarbon and oxygenated compound fractions (Mastelic et al., 1998) . The column was successively eluted with pentane (20 ml), a mixture of pentane and diethyl ether (1:1, v/v; 15 ml) and diethyl ether (15 ml). The eluate was collected in 4 ml fractions and each frac-*To whom correspondence should be addressed. E-mail: katokoji@cc.gifu-u.ac.jp tion was examined by thin layer chromatography (silica gel 60 TLC plate, 0.25 mm thickness; Merck, Darmstadt, Germany). Diethyl ether/hexane, (4:1, v/v) was used for the solvent and the compounds were detected with vanillin in H 2 SO 4 . The hydrocarbon fraction (ca. 0.95 of R f value) was eluted with pentane, and the oxygenated compound fraction (~ca. 0.52 of R f value) with both solvents, a mixture of pentane/diethyl ether, and diethyl ether.
Gas chromatography (GC) Gas chromatographic analyses of the hydrocarbon and oxygenated compound fractions were carried out on a Shimadzu GC-18A gas chromatograph (Shimadzu Co., Kyoto) equipped with a flame ionization detector (FID). The column was methyl-silicon CBP-1 capillary (0.25 mm i.d¥25 m, film thickness 0.25 m), and programmed first at 50ºC for 2 min, then raised to 210ºC at a speed of 3ºC /min, with a gas flow-rate of 1.0 ml/min of nitrogen (split ratio of 1/50). Peak areas were measured with a SIC Chromatocorder 21 integrator (System Instruments Co., Tokyo). Each peak (compound) on the chromatogram was tentatively identified by its Kovat's index (KI), which was calculated using of n-paraffins (C 9 -C 20 ) as references (Majlat et al., 1974 ) and compared to the published index (Breheret et al., 1997; Bylaite et al., 1998; Davies, 1990; De Pooter et al., 1985; Jantan et al., 1998; Jirovetz et al., 1998) .
Gas chromatography-mass spectrometry (GC-MS) Mass spectrometric analysis of the compounds was performed with a Shimadzu GC-MS QP5000 gas chromatograph-mass spectrometer fitted with a column (0.25 mm i.d¥30 m, film thickness 0.25 m) of methyl silicon DB-1. Column temperature was programmed from 80ºC to 250ºC at 5ºC/min, and the spectrum was recorded at an ionizing potential of 70 eV. The spectrum was compared to confirm the compound with an authentic one from the library of the National Institute of Standards and Technology (NIST) for the GC-MS.
Results and Discussion
Volatile hydrocarbons from the fresh and dried rhizomes Gas chromatograms of hydrocarbon fractions from the fresh and dried rhizomes are shown in Fig. 1-A and -B. Twentyone hydrocarbon compounds (Table 1) were identified from KI and MS data, and seven compounds from MS data. Peaks in chromatograms Fig. 1 -A and -B could be divided into three groups: A (peaks 1-10), B (peaks 11-27), and C (peaks 28-31) corresponding to monoterpene, sesquiterpene and other (saturated and unsaturated) hydrocarbon groups, respectively. Of the peaks (compounds) in sesquiterpene group B, nos. 16, 18 and 26 could not be identified. The major hydrocarbons in the oil from the fresh rhizome shown with their relative percentage based on GC peak area were ␣-pinene (1.7%), ␤-pinene (2.6%) and limonene (2.0%) as monoterpene, and ␤-caryophylene (6.4%), ␣-bergamotene (1.3%), ␤-bisabolene (2.6%) as sesquiterpene and pentadecane (2.4%). Lawrence et al. (1969) also reported that the three compounds mentioned above were the major components of the monoterpenes in the fresh rhizomes. It is remarkable that these three compounds are also major components in the monoterpene fraction from the greater galanga Alpinia galanga (Scheffer et al., 1981) . The compounds in the monoterpene fraction including the major compounds mentioned above were found to disappear when the rhizome was dried. A similar comparison had been reported for the greater galanga (De Pooter et al., 1985) . The major compounds in the sesquiterpene fraction were also major components in the oil from the dried sample. It is hard to explain why such a compound as ␤-caryophyllene decreased, while most compounds increased in their percentage of content by drying. Five sesquiterpenes (peaks 11, 12, 14, 19 and 21) and another hydrocarbon (peak 30) were detected for the dried sample, but not for the fresh one. This could be ascribed to the scale of analysis. This is the first time to detect, from the smaller galanga A. officinarum (Lawrence et al., 1969) as well as the greater galanga A. galanga (Scheffer et al., 1981; De Pooter et al., 1985; Charles et al., 1992; Mori et al., 1995) , the sesquiterpenes patchoulene, germacrene, zingibrene and ␣-farnesene and four other hydrocarbons (group C).
Volatile oxygenated compounds from the fresh and dried rhizomes Gas chromatograms of oxygenated compound hydrocarbon fractions from the fresh and dried rhizomes are shown in Fig. 2-A and -B . The twenty-nine oxygenated compounds (Table  2) were identified in the same way as the hydrocarbon fraction. These compounds could not be grouped by KI as the hydrocarbon fraction, however, they were identifiable in groups of monoterpenes and aromatic compounds (peaks 1-22), and of sesquiterpenes and aromatic compounds (peaks 23-37). Peaks (compounds) 21, 22, 24, 30, 31, 34, 35 , and 37 could not be identified even by MS data. But from their KI, compounds 21 and 22 (peaks 21, 22) were presumed to be aromatic compounds, and compounds 24, 30, 31, 34, and 35 sesquiterpenes or aroma- Bylaite et al., 1998; d) Davies, 1990; e) De Pooter et al., 1985. tic compounds. The major oxygenated compounds in the oil from the fresh (and dried) rhizome were 1,8-cineole [50.0 (and 8.2%)] , which is also a major component of the oil from greater galanga (Scheffer et al., 1981; De Pooter et al., 1985; Mori et al., 1995) . This is not unexpected as both plants belong to the same Alpinia genus. Lawrence et al. (1969) also reported that 1,8-cineole was a major component in the oxygenated compounds. Cineole and the unusual exo-2-hydroxy-1,8-cineole acetate, one of the major components (cf. Table 2 ) showed a significant decrease in concentration during drying of the rhizome. Thirteen of the 29 compounds identified were detected in both galanga including greater one for the first time. These were verbenol, 2,8-methadien-1-ol, terpinen-1-ol, p-cymen-8-ol, piperitol, 4-thujen-2␣-yl acetate, carveol acetate, trans-nerolidol, spathulenol, guaiol, ␦-cadinol, 4-hydroxycinnamyl acetate, and farnesyl acetate.
1'-Acetoxychavicol acetate (ACA) was not found in the oil from Alpinia officinarum Hance, although it is known to be one of the major components of the oil from Alpinia galanga (Mori et al., 1995) . Since both oils were obtained in a similar way, the difference could be attributed to a difference in the species, A. galanga and A. officinarum. This may therefore, be an effective way to distinguish lesser galanga from greater galanga.
Quantitative change of the oil component during the drying process of the rhizome After identification of the compounds, their percentages in the essential oil were calculated from the peak areas of the gas chromatogram and are summarized in Table 3 . The percentage of hydrocarbon fraction in the oil from the fresh rhizome was 25.0% [=7.7% (monoterpene)+12.1% (sesquiterpene)+3.6% (others)+1.6% (unknown)]. This value for the dried sample was similarly calculated at 42.0%. For the oxygenated compound fraction, these values were 75.0% (fresh rhizome) and 58.0% (dried). It is interesting that the ratio of hydrocarbons to oxygenated constituents (0.72) for the dried sample is almost double that for the fresh rhizome (0.33) in spite of the disappearance of monoterpene hydrocarbons (7.7%, group A) from the dried rhizome. This could be of aid in evaluating which rhizome can be used as an aromatic material, fresh or dried. a) Relative percentage based on peak areas on the gas chromatogram (FID), refers to the total essential oil.
